Purpose To compare the number of oocytes per follicles in ovulation induction with 10,000 IU urinary hCG (uhCG) and two different doses of recombinant hCG (rhCG) in women undergoing intracytoplasmic sperm injection (ICSI) cycles. Methods This study was a prospective, randomized controlled trial which was performed on 180 primary infertile women undergoing ICSI cycles. All eligible patients underwent a standard GnRH-a long protocol. When at least two follicles reached a diameter of 18 mm, all patients were randomized to receive 10,000 IU urinary hCG or 250 μg recombinant hCG or 500 μg recombinant hCG for ovulation induction. Primary outcome measure included the number of oocytes retrieved per aspirated follicles. Secondary outcome measures were the number of oocytes retrieved, the number of mature oocytes, the number and quality of generated embryos, fertilization rate, implantation rate, chemical and clinical pregnancy rates and OHSS occurrence rate. Results The mean number of retrieved oocytes per follicles were 71.82 ± 15.09, 69.84 ± 17.44 and 77.16 ± 17.61 in 10,000 IU uhCG, 250 μg rhCG and 500 μg rhCG, respectively which was significantly higher with 500 μg rhCG than the lower dose(P=.04). Other cycles and clinical outcomes were comparable between groups. Conclusion Recombinant hCG shows equivalent efficacy to urinary hCG in terms of the number of oocytes per aspirated follicles in selected patients undergoing ICSI; however, 500 μg rhCG seems to be more advantageous than the lower dose in this indication. Larger randomized trials are needed to generalize this strategy.
Introduction
The importance of LH surge in the final maturation of the oocyte and in oocyte retrieval has been well characterized [1] . Since hCG and LH bind and function through a common hCG/LH receptor, uhCG can mimic the endogenous LH surge in assisted reproductive techniques and due to higher receptor affinity acts as a more potent alternative [2] .
Capsule Recombinant hCG shows equivalent efficacy to urinary hCG in terms of the number of oocytes per aspirated follicles in selected patients undergoing ICSI; however, 500 μg rhCG seems to be more advantageous than the lower dose in this indication.
There have been widespread uses of urinary hCG in several decades. However, as a urinary derived preparation, it comprises some disadvantages such as vast amount of urine required for getting the highest purity, the possible contamination with other proteins and batch to batch inconsistency [3] which leads to variations in clinical results between patients and also within the same patients in different cycles [4] . Subcutaneous rhCG has been recently introduced for final follicular maturation and ovulation induction in infertile women undergoing ART. rhCG preparations are derived from genetically engineered Chinese hamster ovary cells through recombinant DNA technology [5] . This product is purified by repeated chromatographic steps to produce a high specific activity outcome which makes the drug free from urinary contaminations and suitable for subcutaneous injection and self administration with lower local reactions and higher tolerability [6] [7] [8] .
The pharmacokinetics and pharmacodynamics of rhCG are equal to uhCG which makes it a suitable alternative for uhCG in clinical applications [9] . In clinical practice, several trials have been performed to compare safety and efficacy of urinary and recombinant hCG preparations with different points of views. Some randomized trials have found equal efficiency with these two preparations [8, 10, 11] whereas some others have observed better outcomes in women who received rhCG [12, 13] . On the other hand, based on a systematic review on 11 studies, uhCG has been stated as the best option for ovulation induction in ART [14] . Moreover, the optimal dose of rhCG preparations for ovulation induction has not still been determined [7, 15] .
In many IVF cycles, in spite of numerous developed follicles visualized at ultrasound, scant number of oocytes is retrieved which leads to poor pregnancy outcomes. Even though, the exact reason of this phenomenon is still ambiguous, many reports in the literature claim that rhCG can improve the number of oocytes per follicles in patients that have been encountered with lack of retrieved oocytes from follicles in previous cycles [4, 16] .
Therefore, this study aimed to compare oocyte per follicle ratio in ovulation induction with 10,000 IU uhCG and two different doses of rhCG in infertile women undergoing ICSI.
Materials and methods

Study design
This single center, open-label, parallel, randomized controlled trial was performed in Reproductive Biomedicine Research Center, Royan Institute, Tehran, Iran between October 2010 and February 2012.
This study was reviewed and approved by the institutional review board and Ethics Committee of royan institute and registered in the Clinical Trial Website (www.clinicaltrials. gov, number NCT01507376). All volunteers for participation in this study were informed regarding the purpose and method of the study and signed the written informed consent.
Patients
A total of 180 primary infertile women who were eligible for the ICSI program were entered into this study.
Inclusion criteria were listed as per here under: In this study, all patients underwent ICSI cycle that the cumulus oophorus is removed for maturity assessment. Therefore, patients underwent conventional IVF cycles were excluded.
Randomization and stimulation regimens
In this study, to minimize bias due to different regimens, all eligible patients underwent a standard long protocol using GnRH-a (Superfact,Aventis,Frankfurt,Germany) at a subcutaneous daily dose of 0.5 mg commencing on the day 17-19 of the natural menstrual cycle as a pre-treatment. Once pituitary desensitization was confirmed (endometrial thickness <5 mm and serum estradiol level <50 pg/ml), the GnRH-a dose was reduced to half and ovarian stimulation was initiated.
In all study patients, ovarian stimulation started with a dose of 150-225 IU r-FSH (gonal-F, Merck Serono, Switzerland) with regard to the patients' age and continued until the day of ovulatory hCG administration according to the ovarian response. When at least two follicles were greater than 18 mm, all patients were randomly allocated to three following groups for ovulation induction:
Group A: 10,000 IU urinary hCG (Choriomon,IBSA, Lugano,Switzerland) intramuscularly was administered, Group B: received a subcutaneous injection of 250 μg recombinant hCG (Ovitrelle, Merck Serono, Geneva, Switzerland), Group C: received a subcutaneous injection of 500 μg recombinant hCG (Ovitrelle; Merck Serono, Geneva, Switzerland)
A permuted block method was used for randomization which was generated by the statistician and applied by a midwife in clinic. The block size was considered equal to six. Oocyte retrieval was performed 34-36 h later.
Immediately, before ICSI procedure, the cumulus corona cells were removed and each oocyte was examined under an inverted high-resolution microscope for assessment of maturity. The oocyte maturity assessed according to Veeck criteria [17] .
ICSI was performed and embryos were scored after 44-72 h according to the previous stated quality criteria [18] . Embryo transfer was done routinely on 2nd or 3rd day after oocyte retrieval and up to 3 embryos per patient were transferred at most. Luteal phase was supported by 400 mg twice a day of progesterone (Cyclogest;Actavis,United Kingdom) vaginally from the day after oocyte retrieval.
Outcome measures
Primary outcome measure included the number of oocytes retrieved per number of aspirated follicles. Secondary outcome measures were the number of oocytes retrieved, the number of mature oocytes, the number and quality of generated embryos, fertilization rate, implantation rate, chemical and clinical pregnancy rates and OHSS occurrence rate.
The implantation rate was considered as the number of gestational sacs with fetal heart rate, divided by the number of embryos transferred. Clinical pregnancy was defined as the presence of a gestational sac with fetal heart rate on ultrasound.
Statistical analysis
All data analysis was performed by using Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA) version 18.0. The comparison of quantitative variables between three groups was done by one way analysis of variance (ANOVA). Also, two ways analysis of variance with interaction between BMI and group (250 μg rhCG and 500 μg rhCG) was performed to analyze number of retrieved oocytes per follicles. Test of homogeneity of variance and normality of data were done using Levene and KolmogorovSmirnov tests respectively. Qualitative variables were analyzed by Chi-square test. P<.05 was considered statistically significant. Values are expressed as mean ± SD or number and percentage in tables.
In a one-way ANOVA study, sample sizes of 59 obtained for each of the 3 groups. A total sample of 177 subjects achieve 80 % power to detect differences among the means versus the alternative of equal means using a F test with a 0.05000 significance level. The size of the variation in the means is represented by their standard deviation which is 1.41. The common standard deviation within a group is assumed to be 6.00. Considering the 10% loss in the sample, the sample size obtained 65 in each group.
Results
195 primary infertile women were assessed for eligibility. Overall, 180 infertile women which were eligible for participation, were entered to this study, of whom 60 patients were randomly allocated to receive 10,000 IU uhCG, 60 patients were allocated to receive 250 μg rhCG and 60 patients were allocated to receive 500 μg rhCG (Fig. 1) .
Baseline characteristics of patients treated with recombinant or urinary hCG has been shown in Table 1 . There were no differences in age, BMI, duration of infertility, causes of infertility, previous IVF attempts and basal FSH between groups.
Cycle outcomes of patients treated with uhCG or rhCG have been presented in Table 2 .
Duration of stimulation, total dose of FSH required, endometrial thickness, number of aspirated follicles, number of retrieved oocytes, number of metaphase II oocytes and immature oocytes, fertilization rate, number of produced embryos, excellent and good quality embryos, number of transferred embryos were not significantly different between groups.
Mean number of retrieved oocytes per follicles were 71.82±15.09, 69.84±17.44 and 77.16±17.61 in 10,000 IU uhCG, 250 μg rhCG and 500 μg rhCG, respectively which was significantly higher with 500 μg rhCG than the lower dose(P=.04). Overall, 27 patients didn't undergo embryo transfer including: 7 patients (11.7 %) in group A, 15 patients (25 %) in group B and 5 patients (8.3 %) in group C. In 26 patients, all embryos were frozen and in one patient no embryo was formed. No cycle cancellation was observed in three groups during the study. No significant differences have been shown between three groups in terms of implantation rate and chemical and clinical pregnancy rates (Table 3) . OHSS were occurred in 13 patients. All of the cases were mild and only one moderate case was observed. The occurrence rate of OHSS was comparable between groups ( Table 3 ). The interaction between BMI and group (250 μg rhCG and 500 μg rhCG) was not significant (p=0.13).
Discussion
The initiation of LH surge in spontaneous menstrual cycles which occur abruptly in midcycle [19] leads to periovulatory events such as resumption of oocytes meiotic maturation, follicle rupture, oocyte expelling and corpus luteum formation [1] .
hCG can act as a surrogate for LH surge to induce final oocyte maturation and ovulation in COH protocols and develop similar periovulatory events such as softening of the connective tissue of follicle which makes easy detachment of oocyte cumulus complex from the follicles wall, hence ease of aspiration [20] . On the other hand, 4-8 h after hCG injection, the cumulus cells become dispersed which leads to cumulus oocyte contact disruption [21] .
With considering the aforementioned substantial role of the hCG in intrafollicular events and ovum release in IVF cycles, the number of oocytes per follicle would be a proper and reasonable measure for assessing the efficiency of the hCG. Generally, IVF cycles are rarely encountered with empty follicle syndrome. However, the occurrence of obtaining few numbers of oocytes from great number of growing follicles is a common phenomenon. It has been reported that the inconsistency and low bioavailability of urinary preparations of hCG might result to lack of retrieved oocytes or empty follicle syndrome [4, 22] which is due to some difficulties through production, packaging and storage process of the drug and also rapid clearance of the drug by liver [23] . Recently, the high purity and batch to batch consistency of recombinant preparations provides an effective and well tolerated alternative for urinary derived agents in IVF cycles.
In our study, we found that the number of retrieved oocytes per follicles was comparable between rhCG and uhCG. However, 500 μg rhCG was better than the lower dose in this indication.
Littman and Milki found that addition of 250 μg recombinant hCG to 5000 IU urinary hCG for ovulation induction increase oocyte/follicle ratio in patients with scant oocyte yield in previous cycles [16] . Conversely, in a retrospective analysis on 744 patients, significant higher percentage of oocytes were retrieved per number of follicles in uhCG compared to rhCG group (86 % versus 80 %) [24] . On the other hand, Driscoll et al didn't find any significant differences in the number of retrieved oocytes/follicles between two groups triggered with urinary and recombinant hCG [10] .
This study demonstrated that the number of retrieved oocytes and mature oocytes were not significantly different between groups. Our findings confirm the data from a previous Open-label RCT which the number of retrieved oocytes was comparable between 10,000 IU uhCG, 250 μg rhCG and 500 μg rhCG [7] . Several other studies showed similar results in comparison of urinary and recombinant hCG [6, 8, 10, 11, 25] . Moreover, Al-Inany et al in a systematic review concluded that in selecting the type of hCG for trigger of ovulation, additional factors such as safety, cost and drug availability should be considered [26] .
Contrary to aforementioned studies, in some previous randomized trials, the oocytes quality was improved by administration of 250 μg rHCG rather than 5000 or 10,000 IU uhCG [12, 27] . In contrast to two previous studies [13, 28] , we didn't find any superiority in administration of rhCG to uhCG in fertilization, implantation and pregnancy rates.
In our study, the number of retrieved oocytes per follicles was significantly higher with administration of 500 μg rhCG than the lower dose. Whereas, some studies believe that 250 μg rhCG is the optimal dose for ovulation induction and no advantage could be attributed to the higher dose of this treatment [29] . We also found that higher dose of rhCG had no more beneficial effect in women with BMI>26 than women with lower BMI. Kahraman et al, reported the similar result [30] . Chang et al, found that the numbers of 2PN fertilized oocytes and cleaved embryos were significantly higher with 500 μg rhCG than the lower dose without enhancement of OHSS incidence [7] .
In the current study, the incidence of OHSS as a serious complication of this treatment was comparable between groups. Surprisingly, in the study of Chan et al, there was a trend toward higher incidence of OHSS with 250 μg rhCG compared to 500 μg rhCG, although it didn't reach statistically significant [15] . Therefore, there is still no general consensus regarding the proper dosage of rhCG with consideration of the safety and efficacy and further studies would be required.
In this study, the main outcome depends on the experience of the infertility specialist to a certain degree that means oocyte retrieval performed with different specialist would be one of the limitations of the current study.
To sum up, recombinant hCG shows equivalent efficacy to urinary hCG in terms of the number of oocytes per aspirated follicles in selected patients undergoing ICSI; however, 500 μg rhCG seems to be more advantageous than the lower dose in this indication. Larger randomized trials are needed to generalize this strategy.
